Introduction
The Equidistant Cylindrical Map projection, also known as the Plate Carrée or Simple Cylindrical Projection, is popular for storing and processing worldwide data sets because of the simple association of latitude and longitude to cell values or pixels in the resulting grid. This projection does not accurately display area (Snyder, 1987) , portraying meridians that converge towards the poles as parallel, equidistant lines. The diminished geographic area represented by cells at high latitudes, while assumed by users of data, is not often carefully considered quantitatively. This relation is visualized by quantifying cell area compared to latitude and generating a plot. Basic geographic data (area) about world lakes is used as an example of information that might be sampled or presented in this map projection.
Analysis
The surface area of a cell can be determined by differencing the surface areas of two spherical caps, bound by the high (a hl ) and low (a ll ) latitude of the cell. This provides the surface area of a band that is then divided by the number of cells n that divide the circumference of the band. The Earth radius used for calculation is 6,367.4 kilometers (km), the average of minimum and maximum values for the Earth's spheroid (Snyder, 1987) .
The formula for the spherical cap (Zwillinger, 1996) :
where: R = the radius of the sphere, a = the radius of the sphere at the base of the cap, h = the height of the cap, p = hypotenuse of the triangle formed a and h, a hl = the angle of the high-latitude boundary of the cell, and a ll = the angle of the low-latitude boundary of the cell.
The example calculation here will be for cells of 0.5° latitude × 0.5° longitude. Calculations show that the surface area of a 0.5° cell is at a maximum of 3,088 square kilometers (km 2 ) near the equator bounded by latitudes 0° and 0.5°. The surface area of 0.5° cells decreases, as latitude increases, to a minimum surface area of 13 km 2 reached near the poles in cells bounded by latitudes 89.5° and 90°. The association between cell surface area and latitude is shown in figure 1 . Values for the entire range of cells from the equator to the poles are presented in table 1.
When calculations are performed on data arranged in such a fashion, cell values can be weighted to normalize the effect of cell values that represent widely varying areas of the Earth's surface. The variation is more problematic in data generation or collection. In this case the Equidistant Cylindrical grid becomes a reticule through which data are sampled. Two types of data need to be considered because the method for determining the value that represents a cell is different in each case.
Continuous data-Data indicated by decimal num-
bers, where all values represent the magnitude single measured aspect of the Earth's surface. Examples would be elevation, surface temperature, insolation, and so on. When data of this type are processed to conform to the Equidistant Cylindrical grid, calculations ranging from simple averaging of the values that fall within the grid to more complex interpolations are performed to assign a best, representative value to each cell. If the data sampled are distributed evenly with respect to the Earth's surface, because of the variation in cell area, far fewer data points will be used in calculation of values for high latitude cells than low latitude cells so there is a variation in quality of data with latitude, quality decreasing towards the poles.
2. Categorical data-Data that can be indicated by a noncontinuous set of symbols. An aspect of the Earth's surface that is represented by categorical data can be segregated into polygonal areas containing like values. The data value for each polygon is a type or category. These values are not part of a continuum of values. Intermediate values or averages cannot be calculated. When categorical data are processed or binned to conform to the Equidistant Cylindrical grid, the value of the type or category that predominates the cell is selected to represent the cell. When the size of the geographic entities sampled approaches the size of cells in the grid, opportunities for sampling error arise and whether an entity is recorded in a data set is dependent not only on its surface area but also on the latitude of its location. Most geographic entities are highly irregular in shape, making precise calculations for potential sampling error impossible but thinking in broad terms allows for bracketing of conditions where problems can arise. When a grid is superimposed on a set of geographic features, an entity's value must predominate a cell to be represented in the resulting data set (ESRI Inc., 2008) . If the area of an entity is less than half the area of a cell at its particular latitude, the value of the entity will not be represented in the data set. Therefore the value of half the area of a cell is the lower limit of representation. Similarly, it would be unlikely that an entity with an area of double the area of a local cell could be positioned in a grid to not predominate at least one cell.
The variation by latitude of the number of 0.5° cells per an arbitrary 1,000 km 2 area is calculated and shown in figure 2. Note that at point A, as latitude increases, the curve first moves above the line denoting the surface area of one-half of a local cell. A 1,000 km 2 entity would not be recorded nearer the equator than this value of latitude. At point B the curve moves above the line denoting the surface area corresponding to twice that of a local cell. A 1,000 km 2 entity poleward of the point will likely be recorded in the sampled data set. Between points A and B a 1,000 km 2 entity will or will not be recorded dependent on its shape and where it falls in latitude, and in relation to the cells of the superimposed grid.
The ever-increasing processing speed of computers makes possible the modeling of climate at an ever-decreasing scale. The current spatial resolution of data sets processed by computer models range from 1-5° of latitude and 4-8° of longitude (Edwards, 2010) . Data sets modeled at 4° × 5° resolution represent large mountain ranges by few cells, and peninsulas and islands disappear. Coarsely modeled topography and bathymetry do little to define corridors for, or barriers to, movements of the atmosphere and sea. The next iteration of U.S. Geological Survey PRISM Project climate model data sets will be based on 0.5° × 0.5° resolution (Harry J. Dowsett, personal communication, 2010 ). These will be better suited for modeling climate variables and movements of the atmosphere and oceans but also will require collection of data on a greatly expanded inventory of geographic features.
Using lakes and inland seas as an example, a list of the 50 largest is compiled in table 1 (data from National Oceanic and Atmospheric Administration, 1982) These have been plotted by surface area in square kilometers and degrees latitude, without distinction between north and south latitude, in figures 3A, 3B, and 3C. These are plotted with the curves defining the previously discussed horizons of feature representation, at two currently common resolutions: 4° × 5° and 2° × 2°, and at the proposed model resolution of 0.5° × 0.5°.
In all plots, the bottom curve represents half the area of a cell at the particular latitude. A lake or any geographic entity with an area that would plot below this curve would not be represented in a data set at the grid resolution represented by the plot. The upper curve represents twice the area of a cell at the particular latitude. A geographic entity with an area above this curve will almost certainly be represented in a data set at this grid resolution. The dashed curve represents the area of one cell in square kilometers at the particular latitude. Note that while compressed by the logarithmic scale of the y-axis, the effect of diminishing cell area with increasing latitude is apparent. It is possible to see ranges of area values that would be represented at high latitude but not low latitude. However, the plots of the distribution of larger lakes show that they are absent at high latitudes where the effect is greatest. Figure 3A shows the resolution characteristics of a 4° × 5° grid. The plot illustrates that only two bodies of water would possibly be represented at this resolution. The Caspian Sea plots in a range that shows high probability of representation, but what is now termed Lake Michigan-Huron shows a possibility but low probability of being represented. Former Lakes Michigan and Huron taken logically, individually, would not be represented. Figure 3B shows the resolution characteristics of a 2° × 2° grid. The plot illustrates that 3 bodies of water will certainly be represented and 11 more now fall into a field of possibility-to-probability of being represented. Figure 3C shows the resolution characteristics of a 0.5° × 0.5° grid. At this resolution, with the exception of a few, small, low latitude lakes, nearly all inland bodies of water will likely be represented as a grid cell in a derived data set. Note that the two or three lakes least likely to be represented would certainly be represented if situated at a higher latitude. At low latitude, the distribution of lakes by surface area reaches close to the lower limit of resolution. For low latitudes, the distribution generated by collecting data for the 50 largest lakes is sufficient.
However, at 45° latitude and higher, the curves representing the limits of resolution drop below the distribution of lakes. At these higher latitudes the gap between the point cloud representing lakes and the resolution curves strongly suggests that above 45° latitude the sample of 50 lakes is insufficient to document all the lakes that would be represented by cells. A broader threshold, including lakes of much smaller surface area, needs to be applied to higher latitudes to completely document lakes in the region.
Conclusions
Using a geographic grid of Equidistant Cylindrical projection for collection of data induces bias into the resulting data set. This bias is more pronounced where the surface area of grid cells is approximately in the range of the surface area of the geographic entities studied. Figure 3A demonstrates that at 4° × 5° resolution few if any lakes would be represented in a derived data set. Little bias is possible. Nearly all are excluded. Conversely, figure 3C demonstrates that at 0.5° ×0.5° resolution nearly all lakes will be represented. Here again, there is little possibility of bias. Figure 3B demonstrates the case where cell size approximates the size of the entities studied. At 2° × 2° resolution, and other resolutions between the preceding cases, the size of many lakes, or other entities of a similar size, falls into range where representation is dependent upon latitude. It is important for both producers of data and consumers of data to take this inherent bias into consideration. The case of providing lake data to fill 0.5°× 0.5°cells shows that as the spatial resolution requirement for world models increases, the ability to provide accurate data, particularly paleoclimate data, will become an increasing challenge.
